Background: Observational studies have consistently associated obesity with colorectal cancer risk. Because both traits are genetically determined and share some metabolic biomarkers, we hypothesized that obesityrelated polymorphisms could also influence the risk of developing colorectal cancer.
Introduction
Obesity as one of the main environmental risk factors of colorectal cancer has not only been associated with colorectal cancer risk, but may also influence clinical outcome (1) . Because obesity and colorectal cancer share metabolic biomarkers and both traits are influenced by genetic factors, obesity-related variants may also influence the risk of developing colorectal cancer. Recent genome-wide association studies (GWAS) have identified a number of obesogenic loci (2) ; some of them have already been evaluated as risk factors for colorectal cancer in the multiethnic cohort (3), with mainly negative outcome. We conducted a comprehensive population-based case-control study in a Caucasian population (1, 792 German colorectal cancer cases and 1,805 controls) and investigated the role of 28 obesity-related genetic variants in 23 genes identified through GWAS in determining the risk of developing colorectal cancer. We also evaluated interactions between alleles and body mass index (BMI), type II diabetes (T2D) and gender.
Materials and Methods
The Darmkrebs: Chancen der Verhü tung durch Screening (DACHS) study is a population-based case-control study that has been previously described in detail (4, 5) . Characteristics of cases and controls recruited between 2003 and 2007 and included in this analysis are summarized in Table 1 . The single-nucleotide polymorphisms (SNPs) were selected through an extensive literature search of relevant GWAS and meta-analyses published by February 2009 using publicly available online databases. Additional criteria were potential functionality and linkage disequilibrium between the reported SNPs. Finally, 28 SNPs in 23 genes were selected for this study. Genotyping was performed using KASPar assays (LGC Genomics) according to previously reported protocols (6) .
Statistical analyses were conducted using the SAS 9.2 software (SAS institute). Hardy-Weinberg equilibrium (HWE) was assessed in the control group (P > 0.01) and the association between colorectal cancer and SNPs was tested using a multivariate unconditional logistic regression analysis adjusted for matching variables (age, sex, and county of residence). Associations were reported as perallele odds ratios (ORs) with 95% confidence intervals (CIs). SNP-BMI, -T2D, and -gender interaction analyses were assessed by including multiplicative interaction terms in unconditional logistic regression models. All tests were two-sided and were considered statistically significant with P 0.05.
Results
The study population comprised 1,792 German colorectal cancer cases (743 women and 1,049 men) and 1,805 controls (732 women and 1,073 men). Colorectal cancer cases were slightly younger than controls, had a higher BMI, and were more frequently diagnosed with T2D (Table 1 ).
All selected polymorphisms were in HWE in the control group (P < 0.01), with the exception of FTO rs1421085 and PRL rs4712652 that were excluded from further analyses. We did not find evidence of any association between obesityrelated variants and the risk of developing colorectal cancer (Table 2 ). Only carriers of the GNPDA2 rs10938397G allele had a nominally increased risk of developing colorectal cancer when compared with the wild-type allele carriers (per-allele OR, 1.10; 95% CI, 1.00-1.21). The risk estimates did not change substantially after adjustment for BMI. Next, we investigated whether gender, obesity, and T2D modify the association of obesity-related variants with the risk of colorectal cancer (Table 2) . We observed several nominally significant (P < 0.05) interactions between the SNPs and gender, BMI, and T2D, with the interaction of the LTA rs1041981 SNP by gender being the strongest one (P interaction ¼ 0.002). While male carriers of the LTA rs1041981A allele had an increased risk of colorectal cancer (OR, 1.14; 95% CI, 1.00-1.30), an opposite effect was observed in women (OR, 0.83; 95% CI, 0.71-0.97). None of these findings remained statistically significant after Bonferroni correction for multiple testing, with threshold P ¼ 0.002 (0.05/28) for the risk analysis and P ¼ 0.0006 [0.05/(28 Â 3)] for interaction analysis.
Discussion
In this comprehensive case-control study, we did not observe any strong association between the studied 28 obesity-related variants and colorectal cancer risk in a Caucasian population, supporting the results observed earlier in the multiethnic cohort (3). We observed several interactions between the SNPs and gender; however, only the one with LTA rs1041981 had ORs with nonoverlapping 95% CIs between males and females. We had an 80% power to detect an OR of 1.23 at a ¼ 0.002 (multiple testing threshold) for a polymorphism with a minor allele frequency of 0.25. However, as obesity was hypothesized to be an intermediate phenotype for colorectal cancer susceptibility, and the effect sizes of the GWAS-based SNPs were expected to be small, it is likely that some existing genetic effects were not detected because of insufficient power.
In summary, these results do not suggest that the obesity-related genetic variants are the underlying link between obesity and colorectal cancer. However, we cannot rule out the possibility that other obesity-related SNPs, affecting, e.g. adipokine, insulin-like growth factor-1 (IGF-I) or steroid hormone levels, may have an impact on colorectal cancer risk.
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